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Biogas is regarded as a renewable energy source and the developed technology for its 
production is of a great potential. The purified biogas output-produced both by large scale 
plants and smaller constructions- can be used for various purposes: it can be injected into 
the gas network as a replacement to natural gas; it can be used for the generation of heat 
and electricity, as an automotive fuel, or as a combustible for heating. 
In the recent years, the European Union advocates on the renewable energy sources, in 
which biogas is included. The majority of the European member states has not only adopted 
the relevant Directives and Regulations, but has also developed renewable energy 
production strategies on a national level. As a consequence, the biogas production rates 
have been uplifted. However, in some cases, certain differences within the EU in the 
national strategies and commitments associated with RES and Biogas promotion, result in 
slower growth rates than the expected targets on an EU level. 
The aim of this dissertation is to investigate the current growth rate of the biogas sector 
within the European region. For this purpose, the national strategies and supportive 
schemes for Biogas promotion of three member states - France, Italy and Greece- are 
presented and discussed. Initially, the dissertation focuses on the evolution of the ‘’Polluters 
Pay Principle’’ on the different interpretations of this Principle and on the key role of the 
Principle to the formulation of international climate policy. Secondly, there is a special 
mention on the alternative forms of energy sources, while emphasis is given to the general 
characteristics of biogas energy and its effectiveness. Lastly, there is an examination and 
analysis of the differences in the means of production, the amount of produced biogas and 
the main sectors, in which biogas is utilized among the investigated member states. 
The methods that have been used for the drafting of the dissertation are literature review 
and interviews. The work has commenced with literature review and then in order to obtain 
a thorough primary knowledge, in the most comprehensive way, interviews have been 
conducted with key persons that have been working in the biogas industry of France, Italy 
and Greece. From these interviews certain details of the implemented strategies were 
obtained, and the main incentives and barriers for the biogas sector development were 
identified. Based on the review of the relevant literature, on the gathered information and 
data obtained by the interview, on the ‘’Polluters Pay Principle’’ and its implementation to 
the domestic legislation, of each of the three member states, a multidisciplinary systems 
analysis was successfully made. 
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In the recent years, for various reasons, the dependency on fossil fuels is regarded as 
undesirable. The fact that climate change originates from the use and burn of these fuels 
and that the fossil fuel market is unstable resulted in an uncertainty of energy supply 
that emerged the need, in both national and international level, for countries to turn into  
in the renewable energy sector as an alternative solution. An increase in renewable 
energy production can lead to a desirable progress, as regards the protection of the 
environment, but can also become an opportunity for the state to create new jobs and 
decrease the state’s dependency on energy imports. Nevertheless, it is very difficult for 
Annex I and non-Annex countries to reach these targets, for numerous reasons. 
Biogas is considered as a carbon neutral energy source of great potential. It is the 
mixture of gases produced by the breakdown of organic matter in the absence of oxygen 
(anaerobically), primarily consisting of methane and carbon dioxide. It can be produced 
from raw materials such as agricultural waste, manure, municipal waste, plant 
material, sewage, green waste or food waste, through a process of anaerobic 
digestion with methanogen or anaerobic organisms, which digest material inside a 
closed system (the, so called, anaerobic digester, bio-digester or a bioreactor), 
or fermentation of biodegradable materials. The by-products that result from the biogas 
production is commonly known as digestate. 
Nevertheless, even if bio-energy and particularly biogas could play a key role in the 
European energy market, the biogas sector would have remained underdeveloped 
unless the EU had not proceeded in issuing a significant number of  supportive 
measures/incentives to enhance the integration of renewable energy sources into the 
energy market. The European legal framework and the undertaken measure for the 
promotion of renewable sources will be analyzed later in this dissertation.  
Aim and method of the study 
The aim of this dissertation is to investigate the ‘’Polluters Pay Principle’’, a major 
principle of both international and European environmental law, whose actual 
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implementation through legislation is not self-evident and can be sometimes 
overlooked, but is evident on the support schemes and the incentives adopted by 
country members. Furthermore, the study aims at the identification and presentation of 
the established national strategies, supporting schemes and applied mechanisms for the 
promotion of renewable energy sources, and particularly biogas, in three member states 
of the European Union, namely France, Italy and Greece. The rationale for this 
investigation, is the identification of the differences between the national strategies and 
how these differences affect on the one hand the development of the biogas sector on a 
national level and on the other hand the growth rate of the biogas sector on the 
European level.  
Finally, to conclude which system is the most successful one and why emphasis is given 
on whether the geographic location or the polluters pay principle integration into the 
national legislation and strategy is the most critical factor, in order to have high biogas 
production rate.  
 Overview   
Chapter 1 presents an overview of the polluters pay principle (hereinafter PPP), of the 
historical background and nature of PPP, of the rationale behind it and its application, of 
the role of the Principle as an economic instrument, and concludes with the imposition 
of European environmental taxes as an expressed form the principle takes. 
Chapter 2 presents an overview of the alternative energy sources, emphasizing on 
biogas. 
Chapter 3 presents an overview of the European Climate Action, makes a special 
mention on European Union Directives 2009/28/EC and  2015/1513/EC, and to the 
regenerative energy Directive (RED II), the waste management and the agricultural 
sector. 
Chapter 4 presents an overview of the current condition of the biogas sector in the EU 
region and investigates three member states: France, Italy and Greece, with regards to 
the applied support mechanisms, socioeconomic indicators and a specific case study for 
each of these three countries respectively. 
Chapter 5 presents  the conclusions of the dissertation.  
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1. The Polluter Pays Principle (PPP) 
1.1. Historical background and Nature of the PPP 
The concept  of the Polluters Pay Principle for environmental damage has its roots in 
both Western and Eastern traditions. The first passage that has ever been addressed to 
the environmental harm in local commons and the liability of the polluter was written 
by the Greek philosopher Plato in his “Dialogues”: “If anyone intentionally spoils the 
water of another…let him not only pay for damages, but purify the stream or cistern which 
contains the water”.  Gradually, the PPP was adopted as an economic instrument in 
national policy-making, thus to allocate the cost of pollution to the polluter, both  as a 
precautionary and control measure1. 
 
Image 1: Principles of EU Environmental Law 
Source: https://ec.europa.eu/environment/legal/law  
 
The first public mention  of the PPP was in May of 1972 in the recommendation of the 
Organization for Economic Co-operation and Development (OECD), and the principle 
was reaffirmed in the recommendation of November  1974. Even though the 
Recommendation of the OECD was not a binding document, PPP was adopted widely in 
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international legal documents, alongside the Codifications in the European Community 
and Treaties2.  
Regarding the European Community (EC), initially the EC adopted the recommendation 
of OECD that promotes environmental protection through control measures and 
pollution prevention in its first Environmental Action Program from 1973 to 1976 and 
secondarily in a Recommendation of 1975 concerning administrative action by public 
authorities on environmental matters and the allocation of costs. In 1984, the European 
Communities endorsed an environmental legal regime, including the precautionary 
principle and the PPP, under the Directive 84/631 for the control within the EC of trans-
border shipment of hazardous waste illustrates the application of PPP. Moreover, the 
principle was enshrined in 1987, as article 174, in the Treaty of the European 
Communities (TEC) and in numerous national legislations on a world-wide level. Article 
191 of the Treaty on the Functioning of the European Union (TFEU) regarding Union’s 
Policies and Internal Actions amended article 174, in 2008. 
However, within the 80s, the issue of environmental protection was deemed more 
desirable. Many states aimed at developing a national environmental policy and 
governmental regulations, so that environmental protection could be more efficient. The 
Convention for the Protection and Development of the Marine Environment of the Wider 
Caribbean Region in 1983, introduced PPP in Article 14. However, this trend was 
reflected expressly in 1992, where PPP was laid down in Agenda 21, as Principle 16, of 
the UN Declaration on Environment and Development in Rio: ’’National authorities 
should endeavor to promote the internalization of environmental costs and the use of 
economic instruments, taking into account the approach that the polluter should, in 
principle, bear the cost of pollution, with due regard to the public interest and without 
distorting international trade and investment.’’ Within the context of Rio Earth Summit 
the need for international cooperation was recognized and the use of economic 
instruments was deemed necessary for the effective protection of the environment5. If 
                                                          
2
 Lindhout, Van De Broek, (2014), The Polluter Pays Principle: Guidelines for Cost Recovery and 
Burden Sharing in the Case Law of the European Court of Justice 
 
5
 Smets (1994), The polluter pays principle in the early 1990s in The Environment after Rio: 
International Law and Economics.  
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the state does not promote preventive policies, if state subsidies are given to polluting 
industries, or the environmental costs are not internalized, then this result in distortion 
of international investments and trades . Several regimes and declarations have 
internalized the PPP (the International Convention on Oil Pollution Preparedness, 
Response and Cooperation in 1990, the Bamako Convention on the Ban of the Import 
into Africa and Control of Trans-boundary Movement and Management of Hazardous 
Waste Within Africa in 1991, etc).  
1.2. The rationale behind PPP 
There are different interpretations of the PPP, among them, the most popular are: the 
equity interpretation, the efficiency interpretation, the legal argument and lastly the 
pedagogical interpretation7. All these four interpretations are of significant importance 
for the formulation of the international climate policy. 
The core meaning of the first interpretation is that once the polluters are legally obliged 
to internalize the costs, they will try to reduce the level of pollution they produce, 
through abatement, in order to reduce their costs, in the form of using advanced 
technology or through emissions trading. The equity interpretation of PPP is assessed in 
terms of fair distribution of costs. The second case is also known as the full cost pricing 
of PPP, where the main idea is that there should be efficient allocation of resources, so 
that to achieve cost internalization of negative externality. Furthermore, efficiency 
interpretation can be distinguished into two further versions of this doctrine, the strong 
form and the weak form. Under the strong form, national governments ought to 
internalize the total of environmental costs, including residual damage, in the form of 
either compensation or liability. On the contrary, the weak form prohibits government 
subsidies for pollution abatement, thus to ensure that product prices reflect the cost of 
pollution control. Consequently, the strong form subsumes both the weak form and the 
principle of equity. The legal argument of PPP holds that each state and its national 
governments, in case of environmental damage caused by private companies or public 
companies, are jointly and severally responsible for the damage and bear the liability, 
                                                          
7
 Khan, (2015) Polluter-Pays-Principle: The Cardinal Instrument for Addressing Climate Change.  Kirit  
(1993), The Polluter-Pays and User-Pays Principles for Developing Countries: Merits, Drawbacks and 
Feasibility, pp. 81–91 
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allowing the public regulatory agencies to act administratively in “sub-rogation” against 
these industrial polluters. Finally, in the pedagogical interpretation of this principle, 
there are arguments both for the consumers and producers. The former groups bear 
responsibility for the load of pollution which they generate through consumption or 
production of either services or goods8. Finally, there is the concept of positive and 
negative duty, where the negative obligation/duty requisites the polluters to pay for the 
environmental damage they cause and to be stopped, while the positive obligation/duty 
could be done out through beneficence. Under this context PPP is a negative duty10. 
1.3. The Application of PPP 
In 1972, OECD introduced the Polluters Pay Principle, as an economic principle, to 
combat environmental pollution. The success of its implementation was guaranteed by 
the subsequent use of various economic instruments such as emissions trading (like in 
cap and trade), charges and taxes, insurance and liability, deposit refund schemes etc. 
PPP has been gradually transformed from a primarily economic principle to a legal one 
and it has been endorsed widely in the national legal systems of many developed and 
industrial countries. Even though the legal principle is internationally accepted, its 
implementation is not that common or easy. PPP is interpreted differently in each 
national legal system, resulting to differentiated opinions among countries whether PPP 
should be assessed as a rule of customary law (International Law) as provided in Article 
38.1 of the Statute of the International Court of Justice- or as a general principle of law. 
The two key arguments in favor of the recognition of PPP as a general principle of law 
are firstly the fact that the majority of states have introduced PPP into their national 
legal systems and secondly the fact that a significant number of international 
Conventions refer to it11. 
                                                          
8
 Nash (2000), Too much Market? Conflict between tradable pollution allowances and the polluter 
pays principle. 
10
 Duus-Otterström and Jagers, (2012), Identifying burdens of coping with climate change: A typology 
of the duties of climate justice. 
11
 OECD (1992), The Polluter-Pays Principle: OECD Analyses and Recommendations.  
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1.4. PPP as an economic instrument 
One of the most characteristic economic instruments is the Pigouvian tax and the 
Baumol-Oates tax on solid waste; a tax that can be used on any market activity that 
generates negative externalities (costs not included in the market price). The tax is 
intended to correct an undesirable or inefficient market outcome (a market failure), and 
does so by being set equal to the external marginal cost of the negative externalities. 
Social cost includes private cost and external cost12. The rational for the use of this 
instrument is that a tax should be defined at a certain level in order to internalize the 
cost of environmental damage and consequently the prices reflect the true 
environmental costs of pollution14. 
According to literature, PPP can be interpreted either through the efficiency 
interpretation, or the equity interpretation. The first one is essentially economic in 
nature, pertaining to an internalization of environmental costs, while the second 
pertains to a fair distribution of costs, between the polluter and the victim (or the 
victimized society)16. PPP should be regarded a predominately “economic” principle, as 
its proper application should require monetary valuation of environmental damages17. 
On the other hand, being regarded as an environmental law principle as well, adds to its 
protection scope, holding that states and local governments are jointly and severally 
liable for environmental damage caused by private or public parties18. As it is going to be 
indicated in Chapters 3 and 4, PPP is one of the most important principles that 
Legislators and Governments take into consideration before adopting a Law or 
Regulation in the field of energy, trying to find a balance between the society’s needs for 
energy consumption and their duty to protect the environment. The implementation of 
                                                          
12
 Sadmo (2008), The Pigouvian Taxes 
14
 Khan, (2015) Polluter-Pays-Principle: The Cardinal Instrument for Addressing Climate Change.  
16
 Nash (2000), Too much Market? Conflict between tradable pollution allowances and the polluter 
pays principle 
17
 O’Connor, (1997), The internalization of environmental costs: Implementing the Polluter Pays 
principle in the European Union. 
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the principle is especially beneficial for the development of the biogas sector as well, as 
this is going to be indicated on the following chapters. 
1.5.  The implementation of PPP in Greece 
Despite the fact that PPP has been integrated in the Greek Law since 1986 (art. 29 L. 
1650/1986), obliging the polluter to amend the damage in his own cost and to 
compensate any third parties involved, its implementation has not been very successful. 
The lack of adequate environmental auditing, the insignificant height of the 
environmental fines and the unwillingness of the Greek Administration to provide 
polluting industries with significant incentives to stop polluting, have only been some of 
the reasons why the implementation of PPP has been failing in reality for so long19. Its 
proper implementation on the biogas sector legislation would mean the development of 
an important renewable energy source for the country, because it would provide the 
biogas plants with the financial incentives that are necessary for their viability, as it will 
be indicated in the sub-chapter 4.4, but there is still a long way to go. 
 
2. Alternative energy sources – Biogas 
2.1. General characteristic 
Alternative forms of energy often referred to as “mild” or “renewable energy sources”, 
are perhaps some of the most effective type of energies. They are forms of exploitable 
energy derived from various natural processes such as sun, wind, geothermal, water 
circulation, biomass et.c. Active intervention like mining, pumping, incineration, is 
unnecessary for the exploitation of renewable energy sources. The process is merely 
based on the exploitation of the pre-existing energy flow in nature; therefore the 
outcome is a “clean” form of energy, which is environmentally friendly20. Renewable 
resources include solar energy, wind, falling water, the heat of the earth (geothermal), 
plant materials (biomass), waves, ocean currents, temperature differences in the oceans 
                                                          
19
 Σταματίου, (2013), Αρχή «ο ρυπαίνων πληρώνει» - Διερεφνηςη εφαρμογήσ τησ ςτην Ελλάδα - 
Μελζτεσ περίπτωςησ για το φυςικό και ανθρωπογενζσ περιβάλλον 
20
 Kruger, (2006). Alternative energy resources: The quest for sustainable energy, p.137.  
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and the energy of the tides, but their characterization as such may differentiate taking 
into consideration various technical, political or legal definitions21. 
2.2 Biogas 
Biogas is a renewable energy source that can replace conventional fuels to produce heat 
and power; it can be used as gaseous fuel in automotive applications22 and 
as “biomethane” (upgraded biogas), it can also substitute for natural gas in chemicals 
production. It is in fact the mixture of gases produced by the breakdown of organic 
matter in the absence of oxygen (anaerobically), primarily consisting of methane and 
carbon dioxide. It can be produced from raw materials such as agricultural waste, 
manure, municipal waste, plant material, sewage, green waste or food waste through a 
process of anaerobic digestion with methanogen or anaerobic organisms, which digest 
material inside a closed system (the, so called, anaerobic digester, biodigester or a 
bioreactor), or fermentation of biodegradable materials. As a consequence, through the 
recovery of wastes, the biogas industry promotes the circular economy23.  
 
Image 2: Biogas and the circular bio-economy 
Source: Biogas policy brief 2019 
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 Armstrong, Hamrin, (2009), The Renewable Energy Policy Manual  
22
 Achinas, Achinas and Euverink, (2017), A Technological Overview of Biogas Production from 
Biowaste, 
23
 Eyl-Mazzega, Mathieu, Boesgaard, et al (2019), Biogas and Bio-methane in Europe: Lessons from 




Biogas production is a microbiological fermentation process in which complex 
molecules of organic matter are broken down into simpler molecules such as alcohol, 
carbon dioxide, and methane under the absence of oxygen. This natural purification 
process is also called anaerobic digestion25.26 Biomass can be used directly for heating 
buildings, for producing heat in industrial processes and for cogeneration of heat and 
electricity. In addition, biomass can be converted into bio-fuels, bio-fluids, biogas or 
synthesis gas, through other thermo-chemical and bio-chemical processes. Bio-methane, 
as a biogas upgrade product, can replace natural gas injected into the existing gas 
network.  So there are two types of gas utilization: the combustion of biogas by a 
Combined Heat and Power unit, so that to generate heat and electrical power and the 
upgrade of biogas to bio-methane. Biogas cogeneration plants have reached a parity of 
heat and electricity output (one kW electric for every kW thermal) through 
technological advances in recent years. The biogas process is energy efficient and 
includes a closed and controlled process. The energy production method is flexible and 
relies on the use of advanced technology. The scale of the applied technology differs to 
large plants and smaller constructions; in large plants, the technology is complex, 
because either they manage a vast amount of society’s wastes or extremely polluting 
materials, while in smaller constructions the technology needed is more simple, because 
they manage and process a comparatively smaller amount of wastes and the produced 
biogas is primarily for own use.  
The remaining part of biomass resulting from the biogas production process is defined 
as  digestate.  Based on the organic residues used for the production of biogas this 
remaining digestate can  either go under further process, in order to recover mineral 
nutrients of high quality, as well get used for industrial processes,  or it can be used 
directly as an organic fertilizer for agricultural purposes27. Regarding, the biogas output, 
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 Nishio, Nakashimada, (2007),  Recent development of anaerobic digestion processes for energy 




 European Biogas Association., (2011) Biogas: Simply the best, Report, European Biogas Association. 
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through purification, out of these plants, it can be used as automotive fuel (bio-
methane), can be injected into gas network to replace natural gas or it can be used as a 
combustible for the production of heating and electricity (Combined Heat and Power 
Plants), or a combustible solely for heating . 
Carbon dioxide (CO2) is a side-product resulting from biogas purification process. 
However, the carbon dioxide stream can be utilized to increment photosynthesis 
potential in agricultural domain, particularly in greenhouses, and it can be utilized in the 
food industry too. Furthermore, the CO2 emitted during the use of biomass can be 
bound and stored -or even used to trap it in materials (i.e. etrochemicals),  thus 
contributing to negative greenhouse gas emissions. Hence, the recovery of carbon 
dioxide, organic wastes and organic digestate and the valorization of secondary corps 
for the production bio-methane can give a boost to economic activities of many rural 
areas and contribute to the advancement of the farming sector. 
What is more, an important advantage of biogas is that, after its generation, it is not 
necessary to be injected directly to the system, but it can be stored. Consequently, biogas 
provides an alternative to intermittent generations from other renewable sources, and 
security of supply. The output of purification process can be used as raw material for 
further applications it could even substitute natural gas in some occasions, for heat 
production, for power generation and as a transport fuel while simultaneously it 
remains environmentally friendly.  
Despite biogas’s obvious advantages, it remained an unexploited energy source for long, 
due to the high cost of its production. Its popularity grew because of the depletion 
of natural gas reserves and the increase in GHG emissions28. Additional reasons, such as 
the high value of fertilizer (i.e., compost) produced from treating the wastes while 
producing biogas and European Union’s desire to apply sustainable waste management 
                                                                                                                                                                      
 
28
 Abbasi , Tauseef , Abbasi, (2012) Biogas and global warming, in Abbasi , 
Tauseef , Abbasi , (Eds.), Biogas energy, Springer, New York (2012), pp. 25-34 
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and simultaneously become independent from foreign oil-providing countries favored 
the further development of the sector29.  
 
 
Image 3: Table of BIOGAS GROSS INLAND ENERGY CONSUMPTION BY END-USE IN 
2017 IN EU28 
Source: Eurostat 
2.3  Agri- environment Schemes  
Most biogas production is currently based on sewage sludge; however, it is estimated 
that by 2030, an increasing amount of biogas (about 224 TW·h) will be produced from 
wet manure, landfill, undigested sewage sludge, and food-processing residues30.  
Furthermore, the EU through the enhancement of agro-ecology contributes to the 
development of the Biogas industry. The supplementary obligation that arises from the 
CAP is the set-up of agri-environment schemes31. These schemes compensate farmers 
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 Achinas, Achinas and Euverink, (2017), A Technological Overview of Biogas Production from 
Biowaste, 
30
 Wiesenthal, Mourelatou, Petersen (2006),  How much bioenergy can Europe produce without 
harming the environment? 
31
 Science for Environment Policy (2017) Agri-environmental schemes: how to enhance the 
agriculture-environment relationship.  
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financially for any loss of income associated with measures that aim to benefit the 
environment or biodiversity32. Each member state is required to set up a national agri-
environmental scheme, and then the farmers that comply with measures contained in 
the national schemes are provided with support. Since the main characteristic in the 
ecological farming is the absence of mineral fertilization during cultivation process, the 
synergy between the agricultural sector and biogas production industry, features that 
could lead to positive environmental effects and provide an alternative income for 
farmers. Furthermore, digestive utilization as bio-fertilizers should be promoted, in 
order to reduce costs and emissions caused by mineral fertilizers and lessen the 
dependence on scarce critical raw materials such as phosphorous. 
 
3. European Legislation about RES 
The promotion of RES is a long term strategy of the EU, and several legislative initiatives 
have been taken over the years to foster it. This strategy is linked to European 
environment policy, having as a main target the protection of the environment, along 
with acquiring energy sufficiency. European Environmental Policy rests on the 
principles of precaution, prevention and rectifying pollution at source, and on the 
‘polluter pays’ principle33. The European Directives and Acts comply with the 
aforementioned principles, facilitating the transition from the traditional, to the 
alternative energy sources use. 
 
3.1.  Directive 2009/28/EC 
According to the Directive 2009/28/EC (RED-1), each member-state should submit a 
National Renewable Energy Action Plan (NREAP) by 2010, where a detailed strategy of 
how the Member-State’s national targets for the share of energy from renewable sources 
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 Sutherland (2003), How effective are European agri‐environment schemes in conserving and 
promoting biodiversity? 
33
 Kurrer, (2020), Environment policy: general principles and basic framework 
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consumed in transport, electricity, heating and cooling in 2020 could be achieved. The 
policies that would be used by each member-state in order to reach the pre-defined 
legally binding target for the share of renewable energy in their energy mix were left to 
the states’ own discretion39. The renewable energy directive’s main target required the 
EU to fulfill at least 20% of its total energy needs with renewables by 2020 – which 
would be achieved through the attainment of individual national targets. What is more, 
at least 10% of the member-states’ transport fuels would also come from renewable 
sources by the year 2020.  
It has to be noted that the Directive 2009/28 was the first legal document to include 
heating and cooling from Renewable Energy Sources (half of Europe’s energy demands) 
in its targets, closing the previous legal gap between them. What is more, the Directive 
encouraged Member-States to define energy obligations for new buildings and for 
buildings undergoing renovation. The Directive has also been among the first legislative 
documents to define several sustainability criteria covering land use change, 
biodiversity, and GHG emissions40. Naturally, all the Directive’s proposals should not 
only be transpositioned into national laws, but the targets’ success should be 
encouraged through awareness raising campaigns, specific trainings on new 
technologies and financial incentives. In any case, national, regional and local authorities 
should all cooperate in order to achieve the above41. 
Among other propositions, the Directive provides for three cooperation mechanisms 
that will allow member states to achieve their targets in cooperation with other member 
states: statistical transfer, joint projects, and joint support schemes.42 
RED 1 introduced a number of support schemes to ensure the RES penetration in each 
member-state’s energy mix, such as: Feed-in tariffs (FIT), Feed-in premiums (FIP), 
                                                          
39
 Fruhmann and Tuerk (2014): Renewable Energy Support Policies in Europe” 
40
 Rfa (2008) The Gallagher Review of the indirect effects of biofuels production 
41
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Quota obligations with tradable green certificates, Loan guarantees, Soft loans, 
Investment grants, Tax incentives and Tendering schemes43. 
In the cases of feed-in tariffs (FIT) and Feed-in premiums (FIP) each Member-State’s 
Government can determine the amount of funding available, taking into consideration 
the ratio of particular technology costs and amount of feed-in tariff granted for a 
particular technology. Feed-in tariffs (FIT) are the mechanisms of great stability and 
predictability for the RES investors44 with regard to their revenue,  as they guarantee 
continuous retail prices for an agreed period45.Their cost can be funded either through 
tax revenues or by the market participants (electricity suppliers and network operators 
who will eventually move the cost to the electricity consumers)46. Feed-in premiums 
(FIP) on the other hand are riskier, as RES plant operators sell their electricity directly 
at the electricity market and receive an additional payment on top of the electricity 
market price - either as a fixed payment or adapted to changing market prices. 
Where quota obligations are introduced, governments fix the quantities but the market 
decides price. It is determined by the State-member that a minimum quantity of 
electricity supply has to be obtained from renewable sources of energy. If a supplier 
cannot reach the minimum share with own production, he may trade certificates for 
electricity from RES (tradable green certificates- TGC), although in this case, the 
certificates may increase policy cost47 . Tender or auction schemes on the other hand, 
are mechanisms that allocate financial support to RES technologies through bidding 
procedures. Fiscal incentives (for example grants and investment subsidies) are other 
policies widely promoted to support the RES penetration in the Member-States’ energy 
mix. Directive 2009/28/EC is about to be repealed in 01-07-21 by Directive 2018/2001. 
                                                          
43
 Fruhmann and Tuerk (2014), Renewable Energy Support Policies in Europe 
44
 Barbosa et al (2018), Feed-in tariffs with minimum price guarantees and regulatory uncertainty, 
Pages 517-541 
45
 REN21 (2014) 
46
 Hogg and O’Regan (2010),Renewable energy support mechanisms: an overview 
47
 Klessmann (2014), Experience with renewable electricity (RES-E) support schemes in Europe. 
Current status and recent trends 
23 
 
3.2 Directive 2015/1513 
On 9 September 2015, Directive (EU) 2015/1513 (the "iLUC Directive"), was published 
in the Official Journal of the European Community, limiting  the way Member States 
could meet the target of 10% for renewables in transport fuels by 2020. According to 
the "iLUC Directive", a cap of 7% on the contribution of biofuels produced from 'food' 
crops was deemed necessary, while the production of advanced biofuels from waste 
feedstocks was promoted48. Member States must then include the law in national 
legislation by 2017, and show how they are going to meet sub-targets for advanced 
biofuels49. The Directive aims to achieve greater harmonisation and simplification of the 
legal framework on by-products and end-of-waste status than the previous Directive. 
Additional provisions include improved definitions and common methodology for the 
calculation of the recycling rates and require the introduction of economic instruments 
to discourage landfilling, concrete measures to promote prevention, including for food 
waste, and reuse of waste and economic instruments to provide incentives for the 
application of waste hierarchy50.  
3.3  Regenerative Energy Directive (RED II) 
It is obvious that the Directive 2009/28 has been proven to provide Member-States with 
valuable guidelines on how to integrate renewables in their energy mix, thus becoming 
more environmentally sustainable, making steps towards their independence from fossil 
fuels. Still, the continuously rising global demand for energy and the failure of cutting 
down the CO2 emissions, soon after the implementation of the Directive 2009/28, 
indicated that, despite the fact that most Member-States reached the targets desired, 
stricter policies should be adopted. That is why, Directive 2009/28 was revised and 
improved in 2018 (RED II)55; the revised renewable energy directive 2018/2001/EU 
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was entered into force as part of the “Clean energy for all Europeans” package, aiming to 
keep the EU a global leader in renewables and helping it to meet its emissions reduction 
commitments under the Paris Agreement. The new directive established a new binding 
renewable energy target for the EU for 2030 of at least 32%, with a clause for a possible 
upwards revision by 2023. Member-States are also required to draft 10-year National 
Energy & Climate Plans (NECPs) for 2021-2030, where they will describe the 
mechanisms they will use in order to meet these new targets. This implies four policy 
actions for all EU countries: in-depth efficiency review, integration with RED-2, 
compatible sustainability guidelines and local impact assessments56.  
The Directive requires biogas-producing plants to prove their contribution to the 
reduction of greenhouse gas emissions in comparison with the conventional fossil fuels 
since 2021, when it ought to be implemented into national laws of the member states. As 
a result, the European biogas industry is obliged to make radical changes, in order to 
mitigate further the produced emissions. So, in this case, these requirements are directly 
linked to PPP – and have a direct opposite effect – meaning that they help states to avoid 
positive measures on the issue. 
Furthermore, the current RED II advocates the implementation of stringent 
sustainability criteria for gaseous, liquid, and solid biomass. Installations of Biogas-
producing plants that produce above 2MWth, need to reach a certain level, regarding 
emissions savings compared to conventional primary fuels, as thus by 2030 to operate 
in accordance with the overall renewable energy target of 32%. According to the 2019 
info sheet of EBA for Methane emission mitigation strategies for biogas industry the 
emission savings can be calculated by using the default values included in Annex VI of 
the RED II or by using own actual values. Member States can further tighten the criteria 
at the national level and impose the requirements on small plants, below 2MWth. 
Overall, current European policies are pushing the biogas sector to increase its 
sustainability and to reduce biogas production costs 58. This has a negative effect on the 
growth rate of the sector that flourished the last decade, mainly because the EU 
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encouraged investments by financing   them or by providing other incentives, such as 
tariffs or gate fees. The EU overlooks the PPP principle when asking for the one treating 
the pollution to increase its sustainability, instead of obliging the polluter to pay for the 
treatment of its wastes (either as a gate fee to the biogas plant operator or as an 
environmental fee). In order to understand the current situation on biogas sector, it is 





Image 4: Share of energy from renewable sources, 2019(% of gross final energy 
consumption) 




4. Case studies of three state members 
4.1. The current condition of the biogas market European-wide 
 
Image 5: Table of DISTRIBUTION OF BIOGAS PLANTS BY FEEDSTOCK IN EUROPE* 
IN 2017 (%, number of plants) *EU28, Switzerland and Norway 
Source: EBA 
In 2018, the EU-28 had a primary energy production of 16,839 metric kilotons of oil 
equivalent from biogas and by the end of the year the existing biogas plants within the 
European borders were 18,202. This amount of biogas production was only possible 
with the support of substantial subsidies granted in some EU country members that 
resulted in an average growth rate of 17% per annum (p.a.) in biogas capacity in the EU 
in the period 2005–201565. Almost 150 measures exist to support the deployment of 
biogas in the electricity, the heating/cooling and transport sectors, while more than 
72% of these measures are financial66. However, the biogas sector development lately is 
slowing down67, due to factors such as the recent decline in subsidy levels68.  
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The problem with the biogas sector has always been the high cost of the initial 
investment, thus of building and equipping a biogas plant. The EU tried to encourage the 
potential investors either by partly financing the investments, but –most importantly, by 
granting as guaranteed feed‐in tariffs for electricity produced from biogas. The 
prevailing substrate used depends on the individual countries’ subsidy regulations for 
the production of secondary energy from biogas. Often the substrates occur from 
cultivated energy crops (in particular silage maize) as well as farm manure and slurry69. 
One of the most determining factors for the biogas sector viability has been the 
implementation of the polluter pays principle on the relevant legislation. The tariffs and 
the gate fees are directly linked with it, as the polluter (:the one who produces the waste 
that is considered to be the raw material for the production of biogas) gets to pay a 
certain amount, either to the biogas plant operator or to the government (: who, in turn, 
will give this back to the biogas plant operator in the form of financial incentive) to get 
rid of the waste. The level of success of the biogas sector on a certain country is 
correlated to the Government’s willingness to adopt strict policies regarding the 
polluters and rewarding ones regarding those who treat these wastes.   
The country with the largest energy production was Germany, followed by the United 
Kingdom and Italy70. Nowadays, Germany has more than 9000 biogas plants with a total 
installed capacity of 4,635 MWe, an amount of financial support is given on a regional 
level, though this support is mitigated in some cases, given the fact that some regions 
have developed a more supportive framework for investments in biogas than others, so 
they are more active71. The development of the German biogas sector has mainly been 
triggered by consecutive versions of the Renewable Energy Act (REA) as well as 
accompanying regulations, especially since 2004, that have created advantageous 
conditions for the access of biogas to electricity markets and grids, as well as measures 
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to a secure investment and financing of biogas plants through remuneration72.In the 
current form of the European market, up to 70% of the feedstock utilized for biogas 
production originates from the agricultural sector and includes mainly agricultural 
residues, manure and energy crops. The use of agricultural residues is higher in state 
members where the dairy and husbandry sectors are developed. According to the 
statistical Report on Biogas, made by the European Biogas Association, in 2019, the most 
common use of the produced biogas is that for the generation of electricity (59%) and 
heat production73. An additional use of biogas is to provide power and heating to 
commercial buildings, for industrial applications and -in some cases- to power 
agricultural holdings. Generally, in countries with high-income, biogas is primarily 
utilized in electricity generation and Combined Heat and Power plants, while in 
countries with low income, biogas is typically used for cooking of lighting74. 
 
4.2 France 
4.2.1. Energy indicators 
In France, biogas enjoys a favorable framework that gives incentives to biogas national 
producers and foreign investors75. In 2018, the total primary energy production from 
biogas in the country was 877.4 ktoe, which made France the fourth largest biogas 
producer in the European Union. The relevant shares of the produced biogas were by 
landfill gas 322.4 ktoe, by Sewage sludge gas 35.3 ktoe and by other biogas from 
anaerobic fermentation 519.8 ktoe. Thermal biogas had zero contribution to the total 
share76.  Consequently, regarding the sources of biogas in France, the highest amount of 
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biogas comes from anaerobic fermentation and landfill gas in anaerobic digestion plants, 
using mainly organic feedstock, such as agricultural waste and manure and slurry, 
followed by Sewage sludge. 
According to Eurostat77, in 2018, the total gross electricity production from biogas in the 
European Union was 61025.6 GWh. The relevant share of France in gross electricity 
production from biogas in total was 2364.8 GWh. The electricity only plants contributed 
to this share by 370.1 GWh, while the Combined Heat and Power plants contributed by 
1 994.7 GWh. France is forecasted to be the most dynamic market in Europe for 2021, 
given the fact that by the end of 2020, 500 new biogas plants with an installed capacity 
of circa 200 MWel were commissioned. As a result, both the installed capacity and the 
number of biogas plants are about to be tripled to 315 MWel and 740 installations78. 
Regarding the transformation sector, the total gross heat production from biogas, in 
2018 accounted for 859.9ktoe. The relevant share of France in gross heat production 
from biogas accounted for 69.39ktoe, from which heat only plants accounted for 9.4 ktoe 
and Combined Heat and Power plants contribution accounted for 59.9 ktoe. 
Until recently, the scenarios regarding the future importance of anaerobic digestion and 
biomethane were really optimistic, to reach both neutral emissions by 2050 and a 100% 
renewable gas system in France79. However, the Energy Strategy Plan for 2030 
(Programmation Pluriannuelle de l’Énergie or PPE) has lowered the above mentioned 
targets, indicating a future decline in the growth of a sector, unless the cost of biogas 
production becomes lower80. 
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Image 6: Biogas upgrading plants in operation (Oct. 2015) 





Image 7: Gas Infrastructure in Europe, France, 2018 
Source: European bio-methane map, EBA 
 
4.2.2. Support mechanisms 
The success of the biogas sector in France is linked to the initiatives the French 
Government provided to the investors, trying to comply with the European State Aid 
Guidelines that obligate the member states to reshape the existing national energy 
market. Aiming to gradually integrate and expose renewable energy to market 
competition, the French Government introduced in 2015 the Act on Energy Transition 
for Green Growth. The primary support mechanism that was implemented was the 
system of Feed-in Tariff (Tarrif d’ achat). However, this support mechanism is going to 
be repealed and progressively it will be replaced by the Premium tarrif, which is a 
compensation mechanism” (méchanisme de compensation). The current support 
framework provides an improved Feed-in Tariff that gives incentives to both small 
installations that have an installed capacity of less than 500kW and produce biogas 
electricity, and additionally a Feed-in Tariff of about € 95 per MW for 15-year contracts 
for bio-methane injected into the grid. 
Moreover, the Act on Energy Transition for Green Growth transformed radically the 
renewable energies  support system, though certain renewable facilities that utilized 
biogas power sources were able to maintain the benefits that arise from a feed-in tariff 
contract81. The list of these eligible installations is issued in article 1 of the Decree of 28 
May 2016 and the general provisions are particularized by orders (arrêtés) for each 
technology.  
The Premium tariff (Complément de rémunération par guichet ouvert) is a support 
mechanism, according to which the producers who have an additional financial benefit 
(Premium tariff) on top of the sale price they get on the national wholesale electricity 
market, so that to cover the significantly high costs of their facilities and secure their 
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profitability (“compensation mechanism” (méchanisme de compensation). In particular, 
the amount of the provided Premium tariff corresponds to the calculation of the 
difference between the tariff obtained by the renewable energy producer for the sale of 
its electricity production on the wholesale market, and the reference tariff called “Te”, 
which is defined on an annual basis and differs for each renewable technology used. 
Under the Act on Energy Transition for Green Growth, the French regulation forecasts 
that based on the size of the installation and the technology that is used the Premium 
tariff will be allocated to res producers through a tender procedure or through direct 
guaranteed contracts (“guichet ouvert”). The majority of the installations producing 
electricity from renewable energy sources are eligible to the Premium tariff or 
“compensation mechanism” since 1 January 2017. The French energy code in article 
D314-23 categorizes the installations that are eligible to the Premium tariff through 
direct guaranteed contracts (“guichet ouvert”), depending on the technology used in 
each installation83. 
In the Biogas sector the following installations are considered as eligible: 
I. Biogas producers whose purchase contract for a feed-in tariff under the former 
regulation has expired may also benefit from a premium tariff for the electricity 
generated from installations in continental mainland with an installed capacity 
of more than 500 kW (Article D314-24, Energy Code, pursuant to art. L. 314-19). 
II. Biogas producers who have already concluded a contract for a premium tariff 
under the former regulation may benefit from a new premium tariff for the 
electricity generated from installations with an installed capacity of more than 
500 kW (Article D314- 25, Energy Code, pursuant to art. L. 314-21). 
III. Installations using biogas from non-hazardous waste storage facilities with an 
installed capacity of 500 kW and 12 MW (Art. D314-23, Energy Code). 
IV. Installations using biogas mainly produced by the methanisation of urban or 
industrial sewage with an installed capacity between 500 kW and 12 MW 
(Article D314-23, Energy Code). 
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Furthermore, RES producer are eligible to a so-called “management premium”, a 
premium that was established, in order to compensate the balancing and marketing 
costs of RES producers on the wholesale electricity market84. However, since 2018, the 
publication of the tariff order which will regulate the amount of tariff for biogas plants 
that have an installed capacity higher than 500kW and are considered as eligible to the 
premium tariff is still pending.   
In 2018, in France two types of fixed purchase tariffs were introduced: one for the bio-
methane injected into the national natural gas networks and one for the electricity 
generated from biogas. The amount of the purchase tariff is defined by the French 
government and depends on several parameters such as the size of the renewable 
installation, the type of the feedstock used and the form of valorization. These support 
mechanisms are the support pillars for the in biogas industry, as they provide certainty 
to the producers that the generated capacity of biogas and bio-methane will be sold to a 
selected supplier for a fixed price and for a fixed term85.  
In the former support mechanism the purchase obligation has duration of fifteen years, 
as thus to result in the decrease of the operational costs and costs of production. 
Nevertheless, the new multiannual energy programming (PPE), adopted in April 2020, 
plans for a gradual reduction of these tariffs. The goal is to reach a target price of 75 € / 
MWh in 2023, and 60 € / MWh in 2028. In the latter support mechanism, the purchase 
obligation has duration of 20 years. Biogas installations with power capacity higher than 
500KW participate in binding processes86. 
The French government, in order to reach the target capacity set by the multi-annual 
investment plan, enhances the res producers to participate in bidding procedures for the 
construction of renewable energy plants, the so called Tenders (Complément de 
rémunération par procédure de mise en concurrence). According to articles R311-12 of 
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the French Energy code, these bidding procedures shall be implemented in two forms: 
1) through Call for tenders 2) through a competitive dialogue procedure87.  
Regarding the biogas sector, the program foresees annual bidding procedures for the 
development of methanisation projects for a total capacity of 10 MW per year until 2019 
(art. 3, Décret n° 2016-1442).The conditions for tender are described in the invitation to 
tender (Art. L311-10, Code l’Énergie)88. Entitled party to participate in a binding 
procedure (tender) is every person that plans to install a renewable energy plant and 
resides in a member state of EU or resides in a country that is recognized by relevant 
international treaty, according to article 311-10, French Energy Code.  
Other financial incentives for the biogas and bio-methane industry include: technical aid 
and financial grants offered by l’ Agence de la transition ecologique, local authorities etc, 
biogas exception from the domestic consumption tax until 1st January 2021, Bio-
methane injection into underground storage facilities and a supplementary tariff rebate 
that is applicable to costs of connection of bio-methane installations with the national 
distribution network89.   
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4.2.3. Socio-economic indicators 
 
Image 8: Maximum compensation of biogas plants in France 
Source: Biogas plants in France – Market and new site potentials, ECOprog, 2014 
 
The lucrative compensation-remuneration system that France established started to pay 
off in 2018 not to only in economic terms but also in socioeconomic terms with €550 
million in turnover and 4,200 biogas related working positions created. Particularly, in 
2017 the direct and indirect jobs related to the biogas sector were 2.400 and the 
relevant number was 4.200 jobs in 2018. Likewise, the turnover rate in millions was 
increased, for 2017 it was 290Million € and for 2018, as it was mentioned above, it was 
550 Million €90 . On the other hand, there is also skepticism against the further 
augmentation of the biogas sector in France, as communities near the biogas plants 
often oppose to the installation of large biogas plants on their territory, fearing of land 
degradation.91 
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4.2.4. Case study 
FRANCE:  BAYONNE BIOGAS PLANT (municipal wastes)92  
Bayonne Biogas Plant is owned by Syndicat Bil Ta Garbi. It is a biogas production plant 
with a production of 800 kWe, installed in the region of Bayonne in France, with a 
treatment capacity of 83.696 tons annual volume. Influent quantities are delivered from 
installations of the neighbor specified area with a totalized production of 7.000 
MWh/year and an estimated value of 840.000 € annually (= 120 €/Mwh). 
Pricing: Tariff price is 120 euro/Mwh, while the gate fee price is 20 euro /ton. Its 
operational expenses are about 325.000€/year. 
Observations: What makes the case of BAYON biogas plant interesting, is the fact that it 
produces biogas from municipal wastes, providing the nearby area with a sustainable 
and lucrative solution for its problem dealing with municipal wastes. What is more, as 
the operational expenses are high (325.000€/year), the viability of the investment is 
guaranteed by the combination of both a high tariff price (120 euro/Mwh) and a gate fee 
price of 20 euro /ton. 
 
4.3. Italy 
4.3.1. Energy indicators  
In Italy, biogas also enjoys a favorable framework that gives incentives to biogas 
national producers and foreign investors. Nowadays, the Italian biogas industry is the 
second largest in Europe, with 1555operational anaerobic digesters and landfill gas 
plants. Italy is third in regards to installed electricity capacity with 1171 MW, after U.K. 
and in terms of electricity generation with9368 GWh biogas it is second. However, on a 
national scale level biogas has not gained so far the market acceptance that various 
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renewable energy sources have enjoyed and biogas plants are not among the most 
installed technologies 93. 
 In 2018, the total primary energy production from biogas in Italy was 1892.2ktoe, 
which made Italy the third largest biogas producer in the European Union. The relevant 
shares of the produced biogas were by landfill gas 333.5 ktoe, by Sewage sludge gas 51.7 
ktoe, following by other biogas from anaerobic fermentation 1500.0 ktoe and thermal 
biogas that had 6.8 kteo contribution to the total share.94Consequently, in Italy the 
highest amount of biogas comes from anaerobic digestion and landfill gas recovery in 
anaerobic digestion plants, using mainly organic feedstock. 
According to Eurostat95, in 2018, the total gross electricity production from biogas in the 
European Union was 61025.6 GWh. The relevant share of Italy in gross electricity 
production from biogas in total was 8 299.6 GWh. The electricity only plants contributed 
to this share by 2 895.7GWh, while the Combined Heat and Power plants contributed by 
5 403.9GWh, which made Italy the second largest gross electricity biogas producer on 
European-wide level. Regarding the transformation sector, the total European gross 
heat production from biogas, in 2018 accounted for 859.9ktoe. The relevant share of 
Italy in gross heat production from biogas accounted for 213.8ktoe, from which heat 
only plants accounted for 0.1 ktoe and Combined Heat and Power plants contribution 
accounted for 213.7ktoe. 
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Image 9: Gas Infrastructure in Europe, Italy, 2018 
Source: European bio-methane map, EBA 
 
4.3.2. Support mechanisms 
Italy developed a dynamic biogas sector, similar to that of Germany. The reasons of this 
growth are mainly the important incentives that were introduced between 2008 and 
2012 for biogas CHP valorization (highest FIT in Europe – 280 €/MWh for plants below 
1 MW), that allowed a quick development of the sector notably based on energy crops. 
However, revisions of the subsidy scheme in 2013 (lower FIT and incitation to use by-
products instead of energy crops) had slowed down the sector growth96. 
In 2008, Italy aiming to the enhancement of investments in the renewable energy sector, 
issued the Budget Act of 2008 and the ARG/elt 1/09, which set out that renewable 
energy installations, with an installed capacity between 1 kW and 1 MW, had the right 
according to Article 2 par. 145 L 244/07 and Article 2 par. 3 ARG/elt 1/09, to receive an 
‘’all inclusive feed-in tariff’’, that was a guarantee as an alternative support mechanism 
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to green certificate. Hence, the installed biogas plants with power range of 1 to 100 KW, 
were among the eligible technologies that were entitled to receive this ‘’all inclusive 
feed-in tariff’’. The former tariff was guaranteed for at least fifteen years when the 
biogas plant was operational before the December of 2012. The ‘’all inclusive feed-in 
tariff’’ was the support mechanism that was primarily adopted by the biogas producers, 
given that it offered a significant financial incentive to biogas installations97. 
Even though, ‘’green certificates’’ seemingly like ‘’all inclusive feed-in tariff’’ provided a 
guarantee for fifteen years, they did not enjoy acceptance by the biogas sector, due to 
their unsuitability for electricity generation plants with an installed capacity lower than 
1 MW. Particularly, one green certificate can validate only 1 MWh of renewable 
electricity, though the monetary value of the certificate does not depend on the current 
year’s electricity production but on the previous year’s production and, additionally, on 
the type of feedstock used and the green certificate market. As a consequence, the ‘’all 
inclusive feed-in tariff’’ scheme characterized as the most favorable scheme for 
renewable electricity generation that was ever implemented in the European Union98 
and resulted in the blooming of the biogas sector in Italy (during the period 2008-2012 
the number of biogas installations incremented from 107 to 105499). The significant 
growth of the biogas industry contributed to Italy’s success to reach the targets of the 
National Renewable Energy Action Plan that resulted from the Directive 2009/28/EC. 
After the 1st of January 2013, the applied support scheme in Italy changed based on the 
Italian National Renewable Energy Action Plan 100The two new schemes that entered 
into force were the ‘’Incentive’’ and the ‘’all inclusive feed-in tariff’’, depending on the 
eligible technology used, the installation power range and the type. The former scheme 
is applicable to installations with electricity capacity lower or higher than 1 MW, only if 
the installation is not benefited by the ‘’all inclusive feed-in tariff’’, while the latter 
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scheme can be applied to installations with electric range power lower than 1 MW and 
corresponds to the sum of a ‘’base feed-in tariff’’ and a ‘’premium feed-in tariff’’, if the 
installation uses eligible technologies. 
On the one hand, the calculation of the ‘’incentive’’ scheme is a more complex procedure, 
as the incentive is a result of the difference between ‘’base feet-in tariff’’ and the 
’’premium tariff’’ based on the hourly zonal electricity price, which is the specific zone 
where the installation generates electricity and injects into the national grid. 
On the other hand, the ‘’base feed-in tariff’’ relates to the installation type, the renewable 
source used and the installation electricity capacity, while the ‘’premium tariff’’ is 
allocated to renewable installations that operates in high efficiency or has low 
abatement emissions.  
In 2016 the new Ministerial Decree was issued and amended the existing support 
mechanisms that related to the promotion of electricity generation from Renewable 
Energy installations. It introduced new incentives for electricity producers from 
renewable sources that vary, depending on the type of the proposed project, the 
adopted renewable technology and the engines efficiency and electric power capacity, 
such as: direct access for new, totally rebuilt, reactivated or re-powered/upgraded 
plants with a capacity not exceeding a given limit and using specific types of sources or 
for special projects, enrolment into the Registries for new, totally rebuilt, reactivated or 
re-powered/upgraded and renovated plants and awarding of incentives after 
participation in a competitive Dutch auctions (electronic auctions held by GSE) for new, 
totally rebuilt, reactivated or re-powered/upgraded plants: the capacity of these plants 
shall exceed a given threshold (5 MW).101 
Moreover, the Ministerial Decree defined that incentives could be guaranteed only to 
electricity producers that injected into the national grid the generated capacity. As a 
consequence, self-consumed electricity should be excluded from the access to support 
schemes and from the total renewable electricity production calculations, as it does not 
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contribute to the National Renewable Energy Action Plan. Additionally, a maximum 
installed capacity of 1370 MW is entitled to be awarded with incentives. 
The established support schemes are the ‘’Incentive’’ and the ‘’all inclusive feed-in 
tariff’’. The former scheme is applicable to electricity installations with an electricity 
power range higher or lower than 500KW and do not allocate support from ’’all 
inclusive feed-in tariff’’. The latter scheme is applied primarily to installations with 
lower than 500 kW name plate electric power. Regarding the calculation of the ’’all 
inclusive feed-in tariff’’, it corresponds to the sum of a ‘’base feed-in tariff’’ and a 
‘’premium feed-in tariff’’ in installations that are eligible103. ‘’Base feed-in tariff’’ relates 
to the installation type, the renewable source used and the installation electricity 
capacity, while the ‘’premium tariff’’ is allocated to renewable installations that operate 
in high efficiency or have low abatement emissions. 
The renewable installations that are entitled to ‘’incentive’’, remain also the sole owners 
of the generated electricity capacity. In addition, renewable installations that are 
entitled to ‘’incentive’’ or ’’all inclusive feed-in tariff’’ can neither be eligible to resale and 
purchase arrangements or to net metering. 
Concerning to biogas plants, the new Decree has not changed the pre-established 
support schemes. ‘’Base feed-in tariffs’’ and ‘’incentive’’ are both guaranteed for twenty 
years, regardless the plants power capacity or the feedstock type. ‘’Base feed-in tariff’’ 
depends primarily on the plants power capacity and feed stock type; ’’premium tariff’’ 
varies depending on the former indicators, plants power capacity and feedstock type, as 
well as to whether the biogas installation is a Combined Heat and Power unit or not. 
However, the amount of ’Base feed-in tariffs’’ and ‘’incentives’’ are critically lower to the 
ones that were set out by the previous Ministerial Decree of 2013.   
Still, results show that obtainable revenue from biogas plants has decreased 
significantly in all regions and that without incentives flexible biogas plants do not 
appear competitive at the moment104. A positive step towards this direction is the 
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adoption of the Biomethane Decree of 2018, is that it provides a variety of incentives for 
the already existing biogas projects105.  
4.3.3. Socioeconomic indicators 
 
 
Image 10: Table of IFRI – Biogas and Biomethane in Europe: Lessons from 
Denmark, Germany and Italy 
Source: European Biogas Association Annual Reports. 
 
 
The favorable compensation-remuneration system that Italy has established since 2008 
paid off not only in economic terms, but also in socioeconomic terms. In 2018, the Italian 
biogas industry managed to maintain its dominant position in the European market and 
enjoyed stability, with a turnover of 880 million € and with the number of biogas related 
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working positions increasing to 8.400. Likewise, in 2017 the direct and indirect jobs 
related to the biogas sector were 8.100 and the relevant turnover rate in millions was 
840million €106. 
 
4.3.4. Case study 
ITALY /SEBIGAS107  
ERIDANIA is a biogas production plant, owned by ERIDANIA Sadam SpA and 
constructed by SEBIGAS, with a production of 998 kWe, installed in in San Quirico, Italy. 
The Eridania  Sadam  Group  is  one  of  the  key  actors  of  the  Italian  agro-industrial 
market and it is present in all the sugar supply chain – production, distribution and 
infrastructures, sales. The biogas plant allows enhancing the by-products generally 
unused in the sugar processing, such as sugar beet collars, leaves and pulp. The  
electrical  energy  produced  is  given  to  the  national  grid,  while  the thermal  energy  
recovered  is  used  in  the  sugar  factory  to  perform  its activities.  Moreover, the 
system allows the reduction of fertilizer costs thanks to the usage on fields of the 
digestate. Influent quantities are delivered from the industrial installations of the 
neighbor specified area with a totalized production of 8.383,2MWh / year and an 
estimated value of 2.340 Million € annually (= 280€/Mwh). 
Pricing : Tariff price is 280 euro /Mwh. Operational expenses are about 350.000€/year. 
Observations: The tariff price (280 euro/Mwh) is significantly higher than similar prices 
across the EU, making the investment extremely successful financially, despite the 
significant annual operational expenses (350.000€/year). 
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4.4.1. Energy indicators 
The dynamic of biogas market in Greece is particularly positive, despite the fact that the 
economic crisis has been slowing down the industry. A specific biogas policy in Greece is 
only recent, as the implementation of biogas projects demanded for careful planning and 
taking into consideration a number of factors difficult to control, such as the sites 
characteristics, the feedstock availability, institutional and regulatory issues and the 
characteristics of the Greek energy market108 . Environmental policy in Greece is 
primarily based upon the following principles: the precautionary principle, the polluters 
pays principle, the equity and shared responsibility principle109. 
 In 2016, the operative energy exploitation projects of biogas in Greece were about 30 
and had a total installed capacity of about 60 MWe110 . The 31.2 MWe come from 
landfills (Waste Sanitary Landfills), 14.8 MWe units from biological treatment plants and 
the 13.57 MWe from 21 agro-livestock units that use as raw material for biogas 
production cattle manure and cheese whey.  According to conservative estimates by the 
Biomass Department of CRES (2007), 17,500,000 tons of 370MW of livestock waste is 
channeled annually unchecked across the country, from about 30,000 buffaloes, pig 
farms, poultry farms and poultry farms and processing plants. The potential of waste is 
estimated to be much higher if one considers that in Greece there are 240,000 SMEs in 
the primary sector that produce waste. From that date until July 2016, 199 applications 
have been submitted in accordance with Law 4152/2013, for the operation of biogas 
plants, with a total installed capacity of 242.2 MW. Nowadays, the Greek biogas industry 
is the fifteenth largest in the European Union, though on a national scale level, until 
today, biogas has not gained the market acceptance that various renewable energy 
sources have enjoyed and biogas plants are not among the most installed technologies. 
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 In 2018, the total primary energy production from biogas in Greece was 112,8 ktoe. The 
relevant shares of the produced biogas were by landfill gas 64,8 ktoe, by Sewage sludge 
gas 17,0 ktoe, following by other biogas from anaerobic fermentation 31,1 ktoe, while 
thermal biogas had zero contribution to the total share111. According to Eurostat, in 
2018, the total gross electricity production from biogas in the European Union was 
61025.6 GWh. The relevant share of Greece in gross electricity production from biogas 
in total was 302,1 GWh. The electricity only plants contributed to this share by 53,6 
GWh, while the Combined Heat and Power plants contributed by 248,5.9GWh,which 
made Greece the seventeenth largest gross electricity biogas producer on European-
wide level. Regarding the transformation sector, the total European gross heat 
production from biogas, in 2018 accounted for 859.9ktoe. Unfortunately, Greece did not 
contributed to the European gross heat production from biogas in 2018, neither through 
the operation heat only plants or the operation of Combined Heat and Power plants113. 
 
Surprisingly, Greece is among the European countries with the highest number of 
incentives for biogas in electricity sector. First is Germany (21) followed by Netherlands 
(18), Czech Republic (18) and then Greece (14)114. So, Greece is experiencing the 
paradox situation that, even though, there is a large amount of waste suitable for biogas 
production and has a high number of incentives for biogas in electricity sector, does not 
have the installed capacity of biogas plants that it should have. The obvious explanation 
the low height of the environmental fines and the inadequate auditing that leave the 
polluters free to dispose the wastes wherever they want115.   
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Image 11: Gas Infrastructure in Europe, Greece, 2018 
Source: European bio-methane map, EBA 
 
4.4.2. Support mechanisms 
Since 2015, Law 3468/2006 and Law 3851/2010 were establishing the support 
mechanisms for electricity generation from renewable energy sources. Priority was 
given to producers of electricity from renewable energy sources for the injection of 
electricity into the national electricity grid. According to these laws, the set out 
remuneration support scheme was ‘’Feed-in Tariff’’ (FIT), which differed for each 
eligible renewable technology and differentiated further, based on the scale of the 
renewable installation. In particular, smaller installations had the benefit of a higher 
remuneration. Moreover, the remuneration of ‘’Feed-in Tariff’’ was granted for 20 years 
during the conduct of Power Purchase Agreement (PPA).  
 In addition, in 2014 Law 4254/2014 was issued and introduced a supportive 
framework for renewable installations that would be operative by the end of 2015. This 
Law was provided for an annual cap of 200 MW for new photovoltaic projects and 
cumulative caps until 2020 for biomass (40 MW), biogas (50 MW), concentrated solar 
power plants (100 MW) and low enthalpy geothermal projects (50 MW). Lastly, 
according to Law 4254/2014, the support scheme of feed-in tariff was set during the 
moment of commissioning and there was a different remuneration system for the 
renewable projects that did not get any type of supplementary support and for the 
renewable installations that were provided with support under the national investment 
law or by any other state support program.    
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Greece as a member state of the European Union was obliged to comply with the 
European Commission’s Guidelines that entered into force in 2014, as regards ‘’State aid 
for environmental protection and energy for the period from 2014-2020’’. These 
Guidelines introduced criteria and specific timelines for the development of national 
support schemes that promote and facilitate the integration of electricity generated 
from renewable sources into the national electricity market. Since the 1st of January 
2017, the generated electricity needed to be sold directly on the electricity market, 
through a bidding procedure, such as means of tenders, and the new support scheme of 
remuneration was either ‘’feed-in premium’’ (FIP) or a ‘’Certificate’’ that was granted. 
Furthermore, in the context of the ‘’2015 Memorandum of Understanding”,  by the end 
of 2016, Greece was obliged to reform the then existing framework for the support of 
renewable energies and issue a new framework, while in parallel grand the relative 
State-aid guidelines and guarantee financial sustainability to renewable producers. The 
Law 4414/2016 on the “New Support Scheme for Renewable Energy Power Plants and 
High Efficiency Combined Heat and Power’’ introduced a new financial support scheme 
that provided ‘’ Feed-in Premium’’ remuneration to RES installations of larger scale, 
under the condition that these installations need to actively participate in the national 
electricity market116. The ‘’ Feed-in Premium’’ was exclusively given to installations, 
which were interconnected to the electricity system and were either on trial operation 
or merely commercially operative after the 1st of January 2016. The payment was based 
on a ‘’Contract for Difference’’ against the applicable per eligible technology ‘’Reference 
tariffs’’ or as ‘’auctioned’’ based on the generated electricity market value, which differs 
for each eligible technology.  
In 2016, the Ministerial Decisions ΑΠΕΗΛ/Α/Φ1/οικ.187701-187706 set out the model 
contracts and the new terms for the remuneration with the systems of either ‘’Feed in 
Tariff’’ or with  a sliding ’’ Feed-in Premium’’, for the enhancement of investments in 
Combined Heat and Power installations, both in the non-interconnected and the 
interconnected national electricity grid. For biogas plants this support mechanism is 
guaranteed for 20 years. This ’’ Feed-in Premium’’ tariff is termed as “Operating support 
based on a differential compensation price”.  Nevertheless, since 2017 ‘’Feed-in 
Premium’’ is guaranteed through tender process for Wind and PV installations, to small 
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scale renewable energy installations, that are eligible, and maintain the right to ‘’Feed in 
Tariff’’.  Ministry of Environment and Energy shall issue a decision concerning the 
capacities available for each technology for each subsequent tender117 . 
Finally, Development Law 4399/2016 forecasts investment incentives and support for 
CHP plants, under the form of subsidies, such as leasing subsidies, and subsidies for the 
creation of new jobs. Moreover, these subsidies can be substituted with other support 
mechanisms, like tax regulation mechanisms. 
4.4.3. Socioeconomic indicators 
 
Image 12 : Table of The main renewable technologies and their application to 
electricity  
Source:  ECA, based on SHARES tool manual, Eurostat, 2018. 
In 2018, the Greek biogas industry had a descending turnover of 30 million € compared 
to the previous year, when the relative turnover of 70 million €. Regarding the number 
of biogas related working positions accounted for in 2018 800, while in 2017 the direct 
and indirect jobs related to the biogas sector were 1.300, in effect the employment is 
also declining for the year 2018118. 
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4.4.4. Case study 
GREECE BIZIOS DAIRY ANAEROBIC WWTP119  
Bizios Dairy Anaerobic WWTP, is a biogas production plant with a production of 
499 kWe, installed in the area of Bodiana, near the city of Elassona in Greece, with a 
treatment capacity of 200.000 m3 annual volume. It is owned by BIZIOS SA and was 
constructed by TEDRA. Its operation, under the supervision of TEDRA has started in 
November 2020. Influent quantities are delivered from other dairy production 
installations of the neighbor specified area which are combined with the BIZIOS DAIRY 
totalized dairy’s wastewater production (whey,  lactose, wash water), resulting to a 
totalized production of 4.1916 MWh/year and an estimated value of 913.000 € annually 
(= 218 €/Mwh). 
Pricing : Tariff price is 218 euro /Mwh and the gate fee price is 10euro/ton. Operational 
expenses are about 357.000€/year . 
Observations: Bizios Dairy Anaerobic WWTP is going to be one of the first biogas plants 
in Greece that treat industrial wastes (the above mentioned plants/case-studies of 
France and Italy treat organic wastes). Despite the fact that its operational costs are 
more or less the same as any other biogas plant (357.000€/year), its construction  is 
more expensive than this of a biogas plant that treats organic wastes and would not be 
possible without a high tariff price and a gate fee price. 
5. Conclusions 
Summary of main findings 
This dissertation has presented an overview of the ‘’Polluters Pay Principle’’, through an 
extensive investigation on the historical back ground of the Principle, as thus to be able 
to understand the nature and the rationale behind the Principle.  
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Afterwards, the analysis has been expanded on the alternative energy sources and   
Biogas production has been explained and analyzed. 
 In turn, the dissertation focuses on the evolution of the European environmental policy 
regarding the combat of climate change and environmental degradation. 
Finally, there is an examination and analysis of the differences in the means of 
production, the amount of produced biogas and the main sectors, in which biogas is 
utilized among the investigated member states, France, Italy and Greece.  
As regards the current condition of the biogas market on an EU level, the main 
conclusions are: 
Biomass currently accounts for 2/3 of renewable energy in Europe and bioenergy will 
play a key role in achieving the ambitious targets approved by the renewable energy 
directive. Within the bioenergy sector the increased use of biogas opens up new fields of 
applications where biomass has not played a major role so far. In the short term the 
largest potential for bioenergy comes from the waste sector, with greater long-term 
potential from bioenergy crops. The grid injection of biomethane seems to be the 
direction that the EU is currently promoting120.There may also be co-benefits between 
biomass production and nature conservation121.  
Many European countries have established favorable conditions for electricity 
production from biogas (especially regarding the system of “feed-in-tariffs”), France and 
Italy being among them. 
 Greece was one of the last European countries to promote the biogas sector. Yet, during 
the last decade an important number of projects were realized as the Greek Government 
introduced the highest number of incentives within the EU region in order to promote 
the biogas production. It is yet to be seen whether the biogas sector development will 
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continue or it will be discontinued the moment Greece diminishes the number of 
incentives. 
For a biogas plant to be operational, an initial investment of high value needs to be 
made. What is more, the annual operational expenses are far from insignificant. In 
addition to these expenses, an extra investment of important value is necessary every 
decade in order for the plant to continue working. Consequently, despite the 
environmental or financial (from the electricity production) benefits a biogas plant may 
have, its costs are extremely high. It is doubtful whether such an investment can be 
viable without the governmental support.  
Still, in order to ensure that the sector will continue to thrive, particularly in Greece, 
some changes are necessary. First of all, PPP should be really implemented. More audits 
should be made, so that the polluters will have to face multiple environmental fees. 
Additionally, the fees should be high enough that the polluter will prefer to pay a gate 
fee or to invest in building a biogas plant, instead of keep polluting and paying any fees 
imposed. After the environmental fees become higher, the augmentation of the gate fee 
and the tariffs should also be taken into consideration, so that the governmental support 
will be diminished. 
To conclude, achieving such an objective for the biomethane sector in the EU, will 
depend on the energy market, supporting initiatives from state members, full 
demonstration of its positive environmental impacts (notably on agriculture), higher 
acceptation by local population, a better recognition of positive externalities, a reduction 
of biogas and biomethane production costs122, the acceptance of digestate as a fertilizer, 
the possible ban of land-filling and the limitation of incineration of organic waste123.   
 
Limitations and Recommendations for Further Research 
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This dissertation has generally achieved the objectives that it attempted to cover. 
Nevertheless, there were some restrictions, and future deepening in the investigated 
scientific and academic fields could reach a better understanding of the related issues. 
First of all, it should be noticed that the biogas market is  a recently involved energy 
market in comparison to other fossil fuels and, additionally, it is has not gained yet the 
market acceptance that various renewable energy sources have enjoyed; hence it has 
not been dully scrutinized. 
Secondly, the impact of the pandemic crisis of Cov-id19 in the energy sector has not 
been assessed for the year 2020. As regards the impact to the future of the sector, for 
now, there can only be forecasts. It would be really interesting to see whether or not 
biogas industry will be benefited. 
Finally, it would be interesting to investigate the biogas market of other European 
member states, in order to examine the national supportive mechanisms, schemes and 
policies, or to make a comparative research between the EU and other international 
large markets, such as the Asian Pacific. 
Importance of this Research 
During the next year, the biogas sector could be benefited significantly by the EU climate 
actions and targets for 2030 and 2050, as the share of renewable energy in the 
electricity, heat and transportation should be increased in order to reach the set out 
targets. Biogas is a renewable energy source of a great potential, so a national strategy 
that provides incentives to producers and investors and create in parallel barriers to 
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